Recently, several top athletes, as well as coaches, have revealed that mindfulness can be regarded as a type of psychological training to optimize performance. Indeed, results of studies in clinical psychology, as well as neuroscience, suggest that mindfulness might be an effective strategy to promote concentration, emotion regulation and state of flow. However, the empirical evidence in the context of sport is rather sparse. The aim of this study was to examine the effectiveness of a mindfulness-based intervention in athletes. In a randomized controlled trial with 22 participants in the experimental and 24 participants in the control group, the effectiveness of the Berlin Mindfulness-based Training for Athletes (BATL) was tested and compared to a classical sport psychological intervention. The results of an analysis of covariance with repeated measures indicate that the intervention group significantly improved mindfulness as a trait compared to the control group. It can be concluded that BATL is an effective strategy to increase mindfulness in athletes. However, further studies are needed to evaluate the effectiveness of this intervention in improving performance and to be able to examine its effect mechanisms.
Introduction
The idea that mindfulness can help athletes to improve their mental fitness and thus their performance is not new. Indeed, several top athletes as well as coaches have recently revealed that mindfulness can be regarded as a type of psychological training to optimize performance. One prominent example is Phil Jackson who is one of the most successful basketball coaches in the history of the NBA.
In the early nineties, he revealed that he regularly practiced meditation and other How to cite this paper: Jekauc, D., Kittler, C., & Schlagheck, M. (2017) . Effectiveness of a Mindfulness-Based Intervention for forms of mindfulness to improve the performance of his team (Jackson & Delehanty, 1996) . Despite the public support of these commitments, mindfulness has long been perceived in the western world as an unscientific religious practice or esotericism. However, inspired by eastern philosophy some research in psychology and neurosciences has helped to develop several therapeutic interventions (Baer, 2003) . The analyses of their effectiveness has provided evidence that mindfulness-based interventions were effective in reducing anxiety (Hofmann, Sawyer, Witt, & Oh, 2010) and symptoms of stress (Chiesa & Serretti, 2009 ) as well as improving well-being (Keng, Smoski, & Robins, 2011) and cognitive ability (Chiesa, Calati, & Serretti, 2011) . As cognitive ability (e.g. concentration) and emotion regulation strategies are prerequisites for peak performances in competitive sport it is apparent that mindfulness training could serve as a mental practice technique in competitive sport.
Mindfulness has been defined as "the awareness that emerges through paying attention on purpose, in the present moment, and non-judgmentally to the unfolding of experience moment by moment" (Kabat-Zinn, 1994: p. 4 ). The aim is to stay aware of the present moment without judging one's own thoughts, emotions and perceptions. According to Bishop et al. (2004) mindfulness comprises two components: Self-regulation of attention and orientation to experience. The first component self-regulation of attention means to observe and to attend to the changing aspects of thoughts, feelings, and sensations from moment to moment. This increased attention leads to a feeling of alertness to what is happening in the here-and-now. To achieve this feeling, sustained attention is required which can be regarded as a trainable skill. The second component refers to the orientation to experience that is characterized by curiosity, openness and acceptance. "Rather than observing experience through the filter of our beliefs, assumptions, expectations, and desires, mindfulness involves a direct observation of various objects as if for the first time" (Bishop et al., 2004: p. 33 ).
Classical sport psychological techniques are based on the assumption that the ability to control one's own psychological and bodily states is a prerequisite for optimal performance in sport (Hardy, Jones, & Gould, 1996) . On the contrary, mindfulness-based techniques prescribe to accept and observe the present states without judging them. By doing this, athletes distance themself from their feelings, thoughts and perceptions by taking the perspective of an external observer.
In this state, the person realizes which feelings and thoughts are occurring without identifying with them. This external observer perspective prevents the athlete from getting overrun by his or her own feelings and thoughts and opens up the opportunity to consciously decide whether to follow the thoughts or to focus on something else. Using this technique, the athlete gains emotional stability and learns to maintain focus on what is occurring in the moment.
Three possible mechanisms of how mindfulness influences performance in sport have been discussed in the literature (see Figure 1) . Firstly, it was speculated that mindfulness facilitates the development of flow, a state of optimal functioning which is associated with peak performances (Csikszentmihalyi, 1990) . Secondly, it is assumed that training mindfulness positively affects attention especially in the regulation and maintenance of attention in task-related aspects of sports. Thirdly, it is supposed that the training of mindfulness positively influences the development of emotion regulation strategies (Gross & John, 2003) .
The state of flow is often described as the state of optimal performance (Csikszentmihalyi, 1990) . Typically, this state emerges when a balance between challenges of the situation and the abilities of the person exists. The athletes so involved with the task that all other things are extraneous. This state is regarded to be optimal for success as body and mind are synchronized, negative thoughts vanish and space for enjoyment in the task emerges (Jackson & Csikszentmihalyi, 1999) . Gardner and Moore (2004) assume that flow and mindfulness have a substantial conceptual overlap. Both concepts emphasize the mental task of being present in the moment and the self-forgotten concentration. Empirical studies seem to support this thesis. Substantial and significant correlations were found between both constructs in elite French swimmers (Bernier, Thienot, Cordon, & Fournier, 2009 ), archers and golfers , rowers (Pineau, Glass, Kaufman, & Bernal, 2014) as well as runners (Pineau, 2013) . Additionally, it was shown that after completing a mindfulness program, the level of perceived flow increased (Aherne, Moran, & Longsdale, 2011; Kaufman et al., 2009 ). The results of these studies indicate that mindfulness training facilitates the perception of flow, which is associated with increased sport performance. Doing sport in a mindful manner could foster the development of flow during competition periods. However, the methodological quality of the studies (e.g. small sample sizes or lack of a control group) substantially impairs the validity of the findings.
Concentration and attention seem to be prerequisites for peak performance in sport (Moran, 1996) . As mentioned above, the regulation of attention is an essential characteristic of mindfulness. Most practices in mindfulness focus on drawing attention on a particular sensation such as one's own breath. Empirical studies seem to support the thesis that mindfulness training enhances attention (see for a review Chiesa et al., 2011) . Empirical evidence outside the sporting context suggests that mindfulness training improves selective attention (Chan & Woollacott, 2007; Jensen, Vangkilde, Frokjaer, & Hasselbalch, 2012; van den Hurk, Giommi, Gielen, Speckens, & Barendregt, 2010) , sustained attention (Chambers, Lo, & Allen, 2008; Valentine & Sweet, 1999) , orienting attention (Jensen et al., 2012; Moore & Malinowski, 2009 ) as well as attention flexibility (Hodgins & Adair, 2010) . Furthermore, studies in neuroscience show that regular mindfulness meditation leads to structural changes in brain regions which are associated with attention regulation such as the anterior cingulate cortex (Cahn & Polich, 2006) . According to Moore, improvement of one's attention through mindfulness training is an essential mechanism of mindfulness in order to improve performance in sport. However, empirical studies in sport context are lacking entirely so as to be able to examine this mechanism. Alone, statements of athletes in case studies suggest that mindfulness training leads to improvement in attention and concentration skills (e.g. Schwanhausser, 2009 ).
Emotion regulation seems to be an important skill to reach optimal performance in sport (Robazza, Pellizzari, & Hanin, 2004) . Several studies support the thesis that mindfulness training can influence emotion regulation. For example, participants of mindfulness training programs have reported, subsequently, a decrease in difficulty in regulating their own emotions (Robins, Keng, Ekblad, & Brantley, 2012) , a reduction of intensity and frequency of negative feelings (Chambers et al., 2008; Zeidan, Johnson, Gordon, & Goolkasian, 2010) as well as an increase in positive feelings (Geschwind, Peeters, Drukker, van Os, & Wichers, 2011; Jain et al., 2007; Tang et al., 2007) . Furthermore, it has been shown that mindfulness training can reduce the detrimental effect of emotional interference on performance in cognitive tasks (Ortner, Kilner, & Zelazo, 2007) . It seems that people who regularly practice mindfulness develop a better ability to be able to blank out distracting emotional stimuli and to fully concentrate on the relevant task. Evidence of the effect on mindfulness, in a sporting context, is substantially weaker. Mindfulness was found to negatively correlate with competition anxiety (Thompson, Kaufman, De Petrillo, Glass, & Arnkoff, 2011) and positively with competition optimism (Gardner & Moore, 2004; Lutkenhouse, 2007; Schwanhausser, 2009 ) as well as in intervention studies (Gardner & Moore, 2007; Hasker, 2010; Ivarsson, Johnson, Andersen, Fallby, & Altemyr, 2015; Wolanin, 2004) . The results of these studies suggest that MAC might have positive effects on attention and performance whereas the methodological quality of these studies is rather low due to low sample sizes, lack of randomization or an invalid measurement of performance. MSPE is a 4-week mindfulness program which was specifically Theory-driven research is needed to establish the link between mindfulness training and improvement of performance. Furthermore, it would be useful to evaluate its efficacy compared to other established sport psychological programs in order to determine its relative utility.
The aim of this study is to evaluate the efficacy of a mindfulness-based program and compare it to an established sport psychological program. This mindfulness-based program was developed and applied to German speaking athletes.
The hypothesis of this study is that this program has an effect on mindfulness and that it is more effective than a classical sport psychological program.
Methods

Participants
72 students in sport science of Humboldt University Berlin were recruited for this study using simple random sampling method. Due to various reasons, 26 participants dropped out or were excluded from analyses as a result of missing data. Finally, 46 participants (15 men and 31 women) were included in the analysis of which 22 participants were randomly assigned to the experimental group and 24 participants to the control group. The mean age of the participants was 23.4 years old (SD = 4.1 years).
Procedure
In order to take part in this study, bachelor students of sport science subscribed to a practical course in sport psychology and three different dates were offered for it. In the first week of the study, students were randomly assigned either to an experimental or to a control group. The courses for experimental and control group took part at the same time and had the same duration. The dependent variable was measured on three occasions: In the first, fourth and in the final session. Each session had duration of 90 minutes and the first 60 minutes were used to practice either mindfulness or other sport psychological techniques. The remaining 30 minutes of each session was used to answer questions concerning lectures in sport psychology.
In the experimental group, the students participated in the BATL (Berliner Achtsamkeitstrainigzur Leistungsoptimierung/Berlin Mindfulness Training for Performance Enhancement) which has duration of 8 weeks. In each session, a combination of psycho-education about mindfulness and its effects as well as mindfulness exercises were conducted. Orienting on MAC, different exercises such as centering, breath meditation, body scan and mindfulness meditation were used. In the first two sessions, most of the time was spent on psycho-education. During the progression of the course, the amount of time spent in psycho-education decreased and mindfulness exercises increased. In the control group, the students learned about sport psychological topics and applied different exercises consistent with these topics. Topics for the control group were motivation, stress, fear, teambuilding, visualization, self-confidence, goal setting and concentration. The sport psychological techniques taught in the control group based on the contents described by Weinberg and Gould (2014) .
Measurement
The dependent variable in this study was mindfulness. The German version of the Mindful Attention Awareness Scale (MAAS; Michalak, Heidenreich, Ströhle, & Nachtigall, 2008) was used to asses if the level of mindfulness changed throughout the intervention. This version is a translated version of the MAAS by Brown and Ryan (2003) . The MAAS consists of 15 questions with a 6-point Likert Scale (1 = almost always, 6 = almost never). The questionnaire has a onedimensional structure. The German version has an internal consistency of α =0.83.
Statistical Analyses
The statistical analyses were conducted using IBM SPSS Statistics 23. The first step was to control and to correct for item-nonresponse. In the second step, descriptive statistics were calculated for both groups on all three measurement occasions. In the third step, analysis of covariance (ANCOVA) with repeated measurements was conducted in which age and sex were covariates. Mauchly's sphericity test (Mauchly W = 0.753; Epsilon = 0.90; χ 2 = 12.2; df = 2; p < 0.01) indicated that sphericity assumption was violated. According to Girden (1992) , the Huynh-Feldt correction for ANCOVA should be applied when epsilon is higher than 0.75.
Results
Descriptive Results
Descriptive statistics are presented in Table 1 . The mean of the intervention group was 3.95 before the start of the intervention and 4.15 at the end of the intervention meaning that there was an increase in MAAS during the progress of the intervention. The mean of the control group was 4.12 before the intervention Note: n = number of participants in the group; M = mean; SD = standard deviation.
started and 3.83 at the end of the intervention. The progression of the mean over time indicates that MAAS decreased from the first to the third measurement occasion.
Inference Statistics
The results of the analysis of covariance with repeated measurements show that time did not have a significant effect (see Table 2 ). This means that the overall mean does not significantly change over time. The two-way interactions between time and age as well as between time and sex is also not significant meaning that age and sex do not significantly influence development of MAAS over time.
However, the two-way interaction between time and group is significant, showing that the development of MAAS of both groups significantly differs. In the intervention group, the mean of MAAS increases over time whereas the mean of the control group decreases during the intervention (see Figure 2 ). Eta-square is 0.13 indicating that the interaction between time and group explains about 13% of the within-person variance. Three-way interaction between time, group and sex is also not significant.
Discussion
A mindfulness-based program in the German language was developed for athletes. This study was a first step to be able to evaluate the efficacy of this program in comparison to an established sport psychology program. The hypothesis of this study was that mindfulness-based training is more effective in influencing the mindfulness of athletes than a classical sport psychological program.
In order to test this hypothesis a randomized control trial with 22 participants in the mindfulness group and 24 participants in the sport psychology group was conducted. The results of this study suggest that mindfulness training had, in comparison to a classical sport psychology program, a significant effect. Participants of the mindfulness group increased their MAAS score whereas the participants in the control group decreased their MAAS score. This decrease in MAAS score of the control group can be explained by the level of stress experienced by the students during the semester which continually increases because the pressure mounts due to the approaching deadlines for written homework and examinations. The students are faced with managing a growing number of tasks as the end of semester approaches which results in a higher general level of stress.
A huge body of evidence suggests that the training of mindfulness reduces the perception of stress (Goyal et al., 2014) . However, it can be assumed that this effect is reciprocal so that stress level can increase the perception of mindfulness.
Although we did not explicitly test this hypothesis, we assume in this study that mindfulness training acted as a stress buffer. However, further studies are needed to evaluate this hypothesis. Noticeably, neither age nor sex had a significant effect on mindfulness. Hence, it can be assumed that the effects of mindfulness training are independent of age and sex.
The results of this study suggest that BATL is an effective program to increase mindfulness as a trait. However, it is unknown whether this program can influence performance in sport, emotion regulation strategies, concentration or flow state. This study represents a first step to establish the role of mindfulness training as a tool for improve of performance in sport. Further studies are needed to test the mechanisms in which way mindfulness influences sport performance.
This study has several strengths and limitations. A major strength of this study is that it provides a randomized control trial, which enables one to draw a strong conclusion about the efficacy of the program. Furthermore, this program was shown to be effective in comparison to a classical sports psychology program. To our knowledge this efficacy had not been yet established. The limitations of this study are that the sample size is relatively small but still large enough to show the efficacy of the program. Furthermore, sport performance was not measured to examine its efficacy and effect mechanisms. Finally, it is unknown how sustainable these effects are. Therefore, further intervention studies are needed to examine the mechanisms and sustainability of the effects.
Conclusion
The results of this study lead to the conclusion that the Berlin Mindfulnessbased Training for athletes (BATL) is effective in increasing the trait of mindfulness. In this regard, BATL is more effective than a classical sport psychology programs for athletes. This program seems to work as a stress buffer. However, further intervention studies with mediation analyses are needed to examine whether BATL has an influence on performance as well as its effect mechanisms and sustainability.
